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Abstract
Background/Aims: Altered expression of the integrin family of cell adhesion receptors has 
been associated with initiation, progression, and metastasis of solid tumors as well as in the 
development of chemoresistance. Here, we investigated the role of integrins, in particular 
integrin β1, in cell volume regulation and drug-induced apoptosis in adherent and non-
adherent Ehrlich ascites cell lines. Methods: Adhesion phenotypes were verified by colorimetric 
cell-adhesion-assay. Quantitative real-time PCR and western blot were used to compare 
expression levels of integrin subunits. Small interfering RNA was used to silence integrin β1 
expression. Regulatory volume decrease (RVD) after cell swelling was studied with calcein-
fluorescence-self-quenching and Coulter counter analysis. Taurine efflux was estimated with 
tracer technique. Caspase assay was used to determine apoptosis. Results: We show that 
adherent cells have stronger fibronectin binding and a significantly increased expression of 
integrin α5, αv, and β1 at mRNA and protein level, compared to non-adherent cells. Knockdown 
of integrin β1 reduced RVD of the adherent but not of the non-adherent cells. Efflux of taurine 
was unaffected. In contrast to non-adherent, adherent cells exhibited chemoresistance to 
chemotherapeutic drugs (cisplatin and gemcitabine). However, knockdown of integrin β1 
promoted cisplatin-induced caspase activity in adherent cells. Conclusion: Our data identifies 
integrin β1 as a part of the osmosensing machinery and regulator of cisplatin resistance in 
adherent Ehrlich cells.
B.H. Sørensen and L.J.H. Rasmussen contributed equally to this work.
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IntroductionIntegrins play a crucial role in the regulation of several biological processes implicated in tumor progression, including cell migration, invasion, proliferation, and tumor cell survival [1-3]. Integrins are a family of enzymatically inactive cell adhesion receptors, comprising 18 different α subunits and eight different β subunits that assemble non-covalently as membrane-spanning heterodimers, forming at least 24 different integrins with distinct 
ligand binding specificities. Integrin β1 associates with 12 different α subunits and thereby constitutes the largest subgroup of integrin receptors [1, 4]. Integrins are adhesion molecules that mediate cell-cell interactions and attachment of the 
cell to various extracellular matrix (ECM) components, e.g., laminin, collagen, and fibronectin [1, 4]. Integrin binding to ECM ligands leads to integrin clustering and formation of focal adhesions and induces intracellular signaling, mainly through the engagement of various signaling proteins associated with the focal adhesions, such as the focal adhesion kinase (FAK) and the cytosolic tyrosine kinase Src. The ability of integrins to regulate important cellular processes is due to the activation of these downstream signaling molecules, leading to activation of the phosphatidylinositol 3'-kinase (PI3K), the serine/threonine kinase Akt, as well as the extracellular regulated kinase (ERK)-cascade [5]. It is well known that loss of adhesion results in cells undergoing apoptosis (i.e. anoikis) [6].The ability to maintain and regulate cell volume is a fundamental requirement for mammalian cells to carry out normal cell functions, including proliferation, migration, and apoptosis [6-9]. Cells respond to volume perturbations by activating volume regulatory systems within the cells [9]. The processes by which a swollen or shrunken cell returns to its steady-state volume are known as regulatory volume decrease (RVD) and regulatory volume increase (RVI), respectively. In Ehrlich cells, RVD is carried out by decreasing the Na+ permeability and greatly increasing the permeability towards K+, Cl-, and organic osmolytes, such as taurine [9, 10].Although much is known about cell volume regulation, the mechanisms of volume sensing in mammalian cells are still incompletely understood. In bacteria, archaea, fungi, and plants the volume sensor consists of a two-component histidine kinase system, resulting in the activation of the high osmolarity glycerol 1-mitogen activated protein (HOG1-MAP) kinase [9, 11, 12]. Although MAP kinases exist in mammalian cells, the histidine kinase system is lacking, and volume sensing must therefore rely on other undiscovered osmosensory mechanisms [9].A number of cellular components have been speculated to be the volume sensor, including receptors and cell adhesion proteins (e.g., integrins, growth factor (GF) receptors, cytokine receptor tyrosine kinases (RTKs), and calcium-sensing receptors), stretch-activated channels, transient receptor potential receptors (TRPs), phospholipases (PLA2 and PLC), lipid kinases (PI3K and PI5K), the cytoskeleton (e.g. actin), and small GTP-binding proteins (e.g. Rho, Rac, and Cdc42), as reviewed in [13].
In hepatocytes, the integrin system has been identified as the major osmosensory system activated upon hypotonic cell swelling, as hypotonic perfusion of rat liver led to a rapid appearance of the active conformation of integrin β1 [14]. Furthermore, hypotonic hepatocyte swelling was followed by an Arg-Gly-Asp (RGD)-peptide sensitive activation of FAK and Src and integrin β1-dependent transactivation of epidermal growth factor receptor (EGFR), which triggered a signaling cascade involving activation of MAP kinases (i.e., ERK1/2 and p38MAPK) and a volume regulatory K+ efflux [15, 16]. Several volume-sensitive K+ channels are found to be regulated by integrin β1 including KV1.3 [17-19] and KV11.1 [20]. Artym and 
Petty have by two-step fluorescence resonance energy transfer (FRET) provided evidence for a physical linkage between β1 integrins and KV1.3 in an adherent human melanoma cell line LOX, but not in LOX cells cultured in suspension, indicating that the adherent phenotype is important for the interaction [17].Browe and Baumgarten investigated the role of integrin activation on the swelling-induced activation of the volume regulated Cl- channel (VRAC) in cardiac myocytes and 
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found that integrin stretch was associated with an activation of FAK, Src, and the angiotensin II receptor, leading to EGF receptor transactivation and resulted in the activation of PI3K, Rac, and H2O2 production [21-24]. H2O2 leads to the activation of a Cl- current very similar to that mediated by VRAC in response to hypotonicity [22, 23]. In Ehrlich cells, hypotonic cell swelling is accompanied by an increased production of reactive oxygen species (ROS) which stimulates KCl co-transport in non-adherent EATC-WT cells, but separate K+, Cl-, and taurine 
efflux channels in adherent ELA cells [25, 26].
Resistance against chemotherapeutic agents is one of the major challenges in cancer treatment and accounts for the majority of treatment failures in cancer patients. Drug resistance can either be an innate property (intrinsic resistance) due to rare genetic changes or be acquired during chemotherapy (extrinsic resistance) [27]. Several in vitro studies have implicated the integrin β1 subunit in the development of resistance towards different chemotherapeutic compounds in various cancers, including solid tumors of the breast [28-32], bladder [33], prostate [34, 35], lungs (small cell and non-small cell lung cancer) [36-38], and pancreas [39, 40], as well as hematological malignancies, such as multiple myeloma, myeloid and B lymphoid malignancies [41, 42]. In addition, clinical studies have shown an association between increased integrin β1 expression and decreased survival and poor prognosis in patients with invasive breast cancer and small cell lung carcinoma [43, 44]. Furthermore, inhibition of integrin β1 reduces chemoresistance in bladder cancer [33] and enhances the sensitivity to radiation treatment in human breast cancer xenografts [45]. The integrin β1-mediated tumor cell survival and chemoresistance appear to be facilitated by adhesion to integrin β1 ligands, including fibronectin, collagens, and laminin, causing the 
activation of downstream signaling molecules, where PI3K and Akt play major roles [5]. In this study, we investigate the role of adhesion in cell volume regulation, survival, and chemoresistance, using a model system comprising the three murine Ehrlich cell lines; Ehrlich Ascites Tumor Cell-wild type (EATC-WT), EATC-Multidrug resistant (EATC-MDR), and Ehrlich Lettré Ascites (ELA) cells. These three cell lines differ on the basis of their different adhesive and resistance properties [46-48]. Our studies show that adherent ELA cells have 
a significantly higher expression of the integrin subunits integrin α5, αV, and β1 compared to 
the two related suspension cell lines (EATC-WT and EATC-MDR). We also find that integrin β1 has a function in volume sensing  and drug resistance in ELA cells but not in the suspension cells EATC-WT and EATC-MDR. Contribution of integrin in β1 RVD and cisplatin resistance did neither involve regulation of VSOAC nor activation of FAK, respectively.
Materials and Methods
Solutions and reagentsCisplatin was from Sigma-Aldrich and dissolved at 5 mM in ddH2O. To avoid spontaneous cis to trans isomerisation, cisplatin aliquots were discarded after three freeze-thaw cycles. Gemcitabine (GEMZAR®, Eli Lilly) was dissolved at 50 μg/μl in phosphate buffered saline (PBS). “Glycine-Arginine-Glycine-Aspartate-Serine” (GRGDS) peptide was from Sigma and dissolved in Roswell Park Memorial Institute (RPMI)-1640 medium (Sigma). Ethylenediaminetetraacetic acid (EDTA) was from ChemSolute (Th Geyer) and dissolved in ddH2O (pH 8.0). The FAK inhibitor PF-573,228 (PF; Sigma-Aldrich) was dissolved in dimethyl sulfoxide 
(DMSO) to a concentration of 10 mM and stored at -80°C. The final concentration used on the cells was 10 
μM. Primary antibodies against integrin α5 (AB1928), αV (AB1930), and β1 (AB1952) were from Millipore and were all used in a dilution of 1:2000. HSC70 (sc-1059) antibody (1:1000) was from Santa Cruz Biotechnology (Dallas, Texas), and β-actin antibody (1:1000) was from Cell Signaling (Danvers, MA). 
Alkaline phosphatase- and horseradish peroxidase (HRP)-conjugated secondary antibodies were from Sigma (St. Louis, MO) and Dako (Glostrup, Denmark), respectively.
Cell lines and cell culturingWe used three closely related murine cell lines; Ehrlich Lettré Ascites (ELA), Ehrlich Ascites Tumor cells-wild type (EATC-WT), and EATC-multidrug resistant (EATC-MDR). The EATC-WT cells originate from 
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spontaneously arisen mammary gland adenocarcinomas in aged female mice. The tumors were transplanted to other mice, and cells were cultured from the transplanted tumors, giving rise to the cell lines used in this study [49, 50]. EATC-MDR was developed as a multidrug-resistant substrain from an originally drug-
sensitive strain of EATC-WTs by subjecting them to daunorubicin treatment for several passages. The cells show cross-resistance towards the antibiotic adriamycin and the vinca alkaloids vinblastine and vincristine [51]. Both EATC-WT and EATC-MDR are non-adherent, suspension cells. The ELA cells are an adherent subtype of EATC-WT that grows as a monolayer, thereby having closer resemblance to the epithelial tissue the tumor originated from [46].ELA, EATC-WT, and EATC-MDR were maintained in RPMI-1640 medium supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin (Sigma), at 37°C, 5% CO2, and 95% humidity. Cultures were passaged every 3-4 days, and only passages 5-30 were used. To maintain multidrug resistance, EATC-MDR cells were selected every 21 days with 42 μM daunorubicin (Sigma-Aldrich) for four days. Cells were not used for experiments until they had had at least had one daunorubicin-free passage. 
Small interfering RNA-mediated knockdown of  integrin β1Transient transfection of the cells was mediated with annealed, 21-bp small interfering RNA (siRNA) duplexes targeting murine integrin β1. The siRNA was pre-designed and obtained from Ambion (Life Technologies, siRNA ID # s68454), and the sequence for the antisense strand was 5’-CAACUGUGAUAGGUCUAAUtt-3’, targeting exon 12 in mouse integrin β1. A 21-bp negative control oligomer (Silencer Select No. 1 siRNA, Ambion) was used as a negative control and to create a baseline for 
transfection efficiency. Cells were transfected with integrin β1 - or negative control (Mock) siRNA at 5 nM 
with DharmaFECT 1 Transfection Reagent (Thermo Scientific). After 24 h, the medium was replaced by transfection reagent-free medium, and the cells were used in experiments as indicated. Knockdown was 
confirmed by western blot analysis of integrin β1 protein level. 
Cell adhesion assay
NUNC MaxiSorp 96-well microtiter plates (Thermo Scientific) were coated with bovine plasma 
fibronectin (Invitrogen) in PBS (136.89 mM NaCl, 2.68 mM KCl, 8.10 mM Na2HPO4, 1.47 mM KH2PO4) supplemented with Ca2+ and Mg2+ (1 mM CaCl2 and 0.5 mM MgCl2, pH 7.4) and incubated in a humid chamber over night at 4°C. The coating solution was removed, the wells were washed three times with PBS, followed by 1-2 h blocking with PBS containing 1 mg/ml bovine serum albumin (BSA; Sigma). Next, the wells were washed once with PBS, and 100 μl RPMI-1640 medium supplemented with 2 mg/ml BSA were added to each well. The cells were washed, trypsinized with trypsin/EDTA, and washed with PBS supplemented with 0.5 mg/ml Soybean Trypsin Inhibitor (Invitrogen). Cells were resuspended in serum-free RPMI, counted 
using a modified Neubauer chamber, diluted with serum-free RPMI to a density of 250,000 viable cells/ml, and 100 μl cell suspension were added to each well. The plates were incubated for 1 h at 37°C in presence or absence of adhesion modulators (i.e., EDTA or GRGDS), followed by three washes with PBS supplemented with Ca2+ and Mg2+ to remove unbound cells. Cells were fixed with 5% glutaraldehyde solution (Sigma) for 20 min, permeabilized with 20% methanol for 10 min, and subsequently stained with Crystal Violet (0.5% in 20% methanol; Sigma) for 20 min. The plates were washed thoroughly with water, and the dye dissolved 
with 10% acetic acid. Absorbance was read at 570 nm (Multiskan ascent, Thermo Scientific) to quantify the amount of crystal violet taken up by the cells. To translate crystal violet absorbance into numbers of cells, a standard curve was made for each cell line in a separate uncoated, unblocked plate, by seeding 0, 5×103, 12.5×103, and 25×103 cells per well in triplicates in 100 μl serum-free RPMI. The standard curve plate was 
not washed before glutaraldehyde fixation.
Real-time quantitative polymerase chain reaction (qPCR)
Cells were grown to 80% confluency, washed with PBS, and total RNA was isolated and purified with the RNeasy Mini Kit (QIAGEN), according to the manufacturer’s instruction. Purity and concentrations were determined using NanoDrop spectrophotometry and agarose gel electrophoresis. RNA was reverse transcribed using Omniscript Reverse Transcription kit (QIAGEN), according to the manufacturer’s instruction. Quantitative PCR was performed in triplicates for each cDNA sample, using 1 μl cDNA and 19 μl qPCR MasterMix containing EXPRESS SYBR® GreenERTM SuperMix Universal (Invitrogen), ddH2O, and 0.2 
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μM of one of the following primer pairs: Integrin α2: Fw: 5’-TGA CAG CAG CGG CAG AGA TCG A-3’, Rv: 5’-AAG CCG AGC TTC CAC AAA CCT GC-3’; Integrin α3: Fw: 5'-AGC TGT CCA CGT CGA GTC ACC A-3', Rv: 5'-AGC CTC ACC CAT CAC TGT GCC A-3'; Integrin α5: Fw: 5'-GCA GGA TAG AGG ACA AGG CCC AGA-3', Rv: 5'-AAG CTC GGC TTC ATA GGC ACC G-3'; Integrin α6: Fw: 5'-ACC TCG GCA CAG CAA CCT TGA-3', Rv: 5'-ACG CTG CAG TTG AGA GTC TGG T-3'; Integrin αv: Fw: 5'-TGT CCG GAA CAA CGA AGC CTT AGC-3', Rv: 5'-TGA CTG CTG GTG CAC GCT GAA-3'; Integrin β1: Fw: 5'-TTG TGG AGG CAA TGG CGT GTG C-3', Rv: 5'-ACA GAC GCC AAG GCA GGT CTG A-3'; Cyclophilin A: Fw: 5'-CCA CCG TGT TCT TCG ACA T-3', Rv: 5'-CAG TGC TCA GAG CTC GAA AG-3'. qPCR was performed using a Bio-Rad CFX96 machine (2 min at 50°C, 10 min at 95°C, 40 cycles of 30 seconds at 95°C, 1 min at 60°C, 30 seconds at 72°C). The program was terminated and dissociation curves determined by 1 min at 95°C, 30 seconds at 55°C, and a terminal temperature increase to 95°C (1°C/min). Data were 
analyzed with the Bio-Rad CFX manager 1.5 software (BioRad). The efficiency for each primer pair reaction was calculated by the software based on a standard curve. Data were normalized using cyclophilin A as a 
reference gene and set relative to the adherent ELA cells, thus giving a ∆∆CT-value. 
SDS-PAGE and western blotting
Adherent cells were grown to 80% confluency in 21 cm2 petri dishes, while 2 million suspension 
cells were grown in 50 ml suspension culture flasks at the beginning of each experiment. Cells were washed in ice-cold PBS and lysed in 100 μl 95°C SDS lysis buffer (1% SDS, 1 mM Na3VO4, 10 mM Tris HCl, pH 7.4) supplemented with cOmplete Mini protease inhibitor cocktail (Roche Applied Science). Lysates were homogenized by sonication, followed by removal of cell debris by centrifugation at 20,000 g for 5 min. Protein concentration of cleared total cell lysates was determined using Bio-Rad DC Protein Assay (Bio-Rad Laboratories, Hercules, CA) and BSA as the protein standard. Samples for electrophoresis were prepared with NuPAGE LDS Sample Buffer (Novex by Life Technologies), dithiothreitol (DTT), ddH2O, and equal amount of protein. Note: Samples used for integrin α-subunit-detection were prepared without DTT. Samples were boiled for 5 min and equal amounts of protein (30 μg) were loaded to each well. SDS-PAGE gel electrophoresis was carried out in Novex chambers with NuPAGE precast Tris-Acetat 7% gels or Bis-Tris 10% gels under denaturing and reducing conditions using a BenchMark Protein Ladder (Novex). Separated proteins were electrotransferred to nitrocellulose membranes. Membranes were stained reversibly with 
Ponceau S Solution (Sigma-Aldrich) to confirm equal loading. The membranes were blocked (5% nonfat dry milk in TBST (10 mM Tris-HCl, pH 7.4, 150 mM NaCl, and 0.1 % Tween 20)) for 1 h at 37°C, incubated with primary antibodies diluted in blocking buffer overnight at 4°C, washed extensively in TBST, and incubated 
for 1 h with alkaline phosphatase- (1:3000) or HRP-conjugated (1:20,000) secondary antibody in blocking buffer at room temperature. Membranes were washed extensively in TBST and developed using 5-bromo-4-chloro-3-indolylphosphate (BCIP)/nitroblue tetrazolium (NBT; KPL) or Lumina Forte Western HRP 
Substrate (Millipore). Membranes probed with BCIP/NBT were scanned and protein bands quantified using 
UN-SCAN-IT gel 6.1 software (Silk Scientific). Chemiluminescense signal was captured using the ChemiDoc MP Imaging System and the Image Lab 4.0 software (Bio-Rad Laboratories). 
Coulter counter experimentsChanges in EATC-WT cell volume upon hypotonic exposure were measured by electric cell sizing. Cells were grown to a density of 106 cells/ml and carefully re-suspended. After 30-60 min incubation at 37°C, 5% CO2, and 95% humidity, a 6 ml aliquot was taken and transferred to an Erlenmayer flask placed in a shaking, pre-warmed (37°C) water bath. Absolute cell volumes were estimated after 50-fold dilution in either isotonic sucrose saline solution or hypotonic saline solution in a Beckmann Multisizer III (Coulter, Luton, UK), using an aperture size of 100 µm calibrated with 20.47 μm diameter latex beads (Coulter). 
All saline solutions were micro-filtered (Millipore filters, 0.45 μm) before the experiments. The hypotonic saline solution (pH 7.4) used for coulter counter experiments contained: 71 mM NaCl, 2.5 mM KCl, 0.5 mM MgSO4, 0.5 mM Na3PO4, 0.5 mM CaCl2, 3.3 mM MOPS, 3.3 mM TES, and 5 mM HEPES. The isotonic 
sucrose saline solution with low ionic strength was obtained by adjusting the osmolarity of the hypotonic saline solution to 274 mOsm/kg H2O with sucrose (approx. 40 g/L). Absolute cell volumes in fl (i.e., 10-15 L) were calculated from the mean cell diameter distribution curves obtained by the software. Results were 
represented as the relative cell volume as function of time, and the maximal recovery rate (fl/min) was calculated as the steepest numeric 1 min slope after reaching maximal cell swelling.
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Calcein fluorescence self-quenching
Studies of RVD in ELA cells were performed by fluorescence self-quenching with calcein as a marker. 
Cells were grown to 70-80% confluency on pre-cleaned 15 mm glass coverslips placed in petri dishes. The coverslip was washed 3 times in 2 ml pre-warmed (37°C) isotonic saline solution (143 mM NaCl, 5 mM KCl, 1 mM MgSO4, 1 mM Na3PO4, 1 mM CaCl2, 3.3 mM MOPS, 3.3 mM TES, 5 mM HEPES; pH 7.4). Cells were incubated for 10 min in isotonic saline solution with 5 μM CellTrace calcein Red-Orange-AM (Invitrogen), washed twice in pre-warmed isotonic saline solution (37°C), and the coverslip was mounted in a RC25 diamond bath perfusion chamber (Warner Instruments). The chamber was installed on an Imic2000 inverted 
fluorescence microscope (TILL Photonics), and cells where continuously superfused with saline solution heated to 37°C, using an inline perfusion heater (SH27B with TC324B controller, Warner Instruments). 
Cells were illuminated through a 40X/0.55 NA Objective (Nikon Plan40) at 555 ± 2.5 nm for 80 ms, using a 
Polychrome V monochromator (TILL Photonics). Illumination and fluorescence light was filtered through 
a red light specific filterset (Cat. 31002a, Chroma Technology), and images were digitized using an iXon 895 EMCCD camera (Andor Technology) with 2X binning and recorded using the Live Acquisition software 
package (TILL photonics). The cells were superfused with isotonic saline solution for the first 3 min and then switched to hypotonic saline solution for the next 10 min. Cells remaining in the petri dish following removal of the coverslip were washed twice in ice-cold PBS, lysed in RIPA buffer (1% Nonidet-P40, 0.1% SDS, 150 mM NaCl, 20 mM Tris-HCl (pH 7.5), 1 mM EGTA, 1% Sodium deoxycholate, 1 mM Na3VO4, and cOmplete 
proteinase inhibitors) and stored (-20°C) for later analysis of knockdown efficiency. Single cell fluorescence 
was analyzed using the Offline analysis software (TILL Photonics). Regions of interest were drawn around 
single cells, and fluorescence intensity was quantified for individual cells throughout the experiment. Due 
to calcein leakage and fluorescence bleaching, the signal suffered from significant rundown, fitting a mono exponential decay. Before further calculations were performed, all signals were rundown corrected. The 
results are shown as the reciprocal relative fluorescence intensity (FI) as function of time, and the maximal recovery rate (FI/min) was calculated as the steepest numeric slope of the RVD response.
Estimation of taurine efflux by tracer technique
Swelling-induced taurine efflux in ELA cells was estimated by tracer technique as previously described [26]. Control, mock-, and integrin β1-siRNA transfected ELA cells were grown to 80% confluency in 6-well polyethylene culture plates and loaded with 3H-taurine (37,000 Bq/well, PerkinElmer) in complete growth medium for at least 2 h (37°C, 5% CO2, 100% humidity). At the beginning of the experiment, each well was washed 3 times with 1 ml isotonic NaCl medium (300 mOsm; 143 mM NaCl, 5 mM KCl, 1 mM Na2HPO4, 1 mM CaCl2, 1 mM MgCl2, and 10 mM HEPES; pH 7.4) per well to remove remaining extracellular isotope and growth medium. The experiment was performed at room temperature by transferring the NaCl medium from each well to individual scintillation vials (Snaptwist Scintillation vial, 6.5 ml, VWR) and replacing it with 1 ml new medium. This procedure was repeated at 2 min intervals for a total of 30 min. After the 
first 8 min, the isotonic medium was replaced by hypotonic medium (200 mOsm; 92 mM NaCl, 5 mM KCl, 1 mM Na2HPO4, 1 mM CaCl2, 1 mM MgCl2, and 10 mM HEPES; pH 7.4). At the end of the experiment, remaining intracellular isotope was extracted by addition of 1 ml 1 M NaOH (1 h, shaking table) followed by two additional washes with ddH2O. NaOH lysates and water washouts were transferred to individual 
vials. All vials were added 3.5 ml scintillation fluid (PackardTM Ultima Gold, PerkinElmer), mixed carefully and proceeded for β-scintillation counting in a Perkin Elmer scintillation counter (Waltham, MA). The total amount of 3H-labeled taurine taken up by the cells in each well was calculated as the sum of 3H activity 
released during the efflux experiment and in the NaOH/water washouts. The fractional rate constant (k, min-1) for taurine release was calculated from the following equation: k = [ln(X1) − ln(X2)] / (t1-t2), where X1 and X2 are the fraction remaining in the cell at time t1 and t2.
Caspases activityThe Homogeneous Caspases Assay (Roche Applied Science) was used for quantitative in vitro 
determination of caspase activity according to the manufacturer’s instructions. Briefly, cells were seeded in black 96-well plates, and apoptosis was induced. After 24 h incubation at 37°C, the plates were frozen at -80°C for at least 30 min to lyse the cells. Substrate (DEVD-R110) Stock Solution was diluted 1:10 in Incubation Buffer, and 100 μl substrate solution were applied to each well. The plate was incubated at 37°C 
for 1 h protected from light, and finally, fluorescence was measured with a FLUOstar OPTIMA plate reader (Ramcon A/S). Caspase activity was normalized to an untreated control.
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Cell viability assay – MTTThe colorimetric MTT assay was used to determine cell viability in ELA cells transiently transfected 
with integrin β1 siRNA. ELA cells were counted and seeded to a density of 5,000 cells per 200 µl media per well in 96-well plates and placed in the cell culture incubator (37°C, 5% CO2, 100% humidity) for 72 h. At 
day two, cells were transfected with integrin β1or negative control siRNA. After 24 h, the media was changed to transfection-reagent-free media and the cells were left for another 24 h. At the end of the incubation period, 100 µl was removed, 25 µl of a MTT solution (5 mg/ml MTT in sterilized PBS) was added to each well, and the plate was incubated in the cell culture incubator for 3 h. Following incubation 100 µl freshly made 10 mM HCl containing 1% SDS was added to each well and the plate incubated in fume hood overnight to solubilize the colored formazan crystals. Samples were measured at 540 nm using Wallac Envision Multilabel plate reader (Perkin Elmer). Data were represented relative to the untreated control cells. Each experiment was performed in quadruplicates.
Statistical analysisData are shown as mean with standard error of the mean (SEM). The number of independent 
experiments (n) is indicated for each experiment. Significance was evaluated using paired Student’s t-test 
(two-tailed), one-way ANOVA, or two-way ANOVA with P < 0.05 indicating statistically significant difference. 
Results
ELA cells exhibit strong fibronectin binding capacitiesAs adherence is the main phenotypic difference between ELA cells and the EATC (WT 
and MDR) cells, we characterized differences in their binding capacities to fibronectin. ELA, 
EATC-WT, and EATC-MDR cells were all able to bind to fibronectin, but the adherent ELA cells had a 2-fold higher binding capacity than the non-adherent cells (Fig. 1A and 1B). There was a clear dose-response in adherence for all three cell lines to an increasing coating 
concentration of fibronectin (Fig. 1A), however, ELA cells reached half maximum adhesion (EC50) at a significantly lower concentration (0.5±0.2 μg/ml) than EATC-WT (3.7±0.2 μg/
ml, P<0.001) or EATC-MDR (1.5±0.2 μg/ml, P<0.001). Interestingly, the EC50 of the EATC-MDR cells was markedly lower than EC50 of EATC-WT, indicating that the multidrug resistant 
EATC-MDR cells possess better fibronectin binding capacities than the wild type cells. In 
Fig. 1. Adhesion of ELA, EATC-WT, and EATC-MDR cells to fibronectin. ELA, EATC-WT, and EATC-MDR cells 
were seeded in 96-well plates coated with (A) increasing concentrations or (B) 2 µg/ml of fibronectin sup-plemented with Ca2+ and Mg2+ and incubated for 1 h at 37°C. Subsequently, cells were fixed with glutaralde-hyde, permeabilized with methanol, stained with Crystal Violet, and absorbance was measured at 570 nm. The number (n) of independent experiments was 4-5. A. Dose-response curves for adhesion to increasing 
concentrations of fibronectin. B. Maximum adhesion capacity to fibronectin. C. Inhibition of ELA cell adhe-sion by treatment with 5 mg/ml GRGDS peptide or 10 mM EDTA, compared to an untreated control. BSA indicates the background. Statistical analysis was performed using one-way ANOVA with Tukey-Kramer multiple comparisons post test, where *, ***, and **** indicate P<0.05, P<0.001, and P<0.0001, respectively. 
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addition, we also found that adhesion of ELA cells to fibronectin was highly modulated by integrin inhibition through addition of the GRGDS peptide or the Ca2+ and Mg2+-chelating 
agent EDTA (Fig. 1C). Seeding ELA cells on fibronectin (2 µg/ml coating concentration) in the presence of 0.5 mg/ml GRGDS resulted in a 40% reduction in adhesion, and treatment 
with 10 mM EDTA was found to almost block the adhesion to fibronectin. 
ELA cells have significantly higher mRNA and protein levels of integrin α5 , αV , and β1To compare the differences in integrin composition between the adherent ELA cells and the non-adherent EATC-WT and EATC-MDR cells, we next investigated the relative expression of a selection of integrin subunits using qPCR. These included integrins α2, α3, α5, 
α6, αV, and β1. 
By comparing the mRNA expression, we found that adherent ELA cells had significantly 
higher mRNA expression level of the fibronectin receptor subunits integrin α5 and integrin 
β1 (Fig. 2C and 2F), which was about 3.5-fold higher for integrin α5 and 1.5-fold higher for 
Fig. 2. Comparison of the mRNA expression levels of selected integrin subunits in ELA, EATC-WT, and EATC-MDR cells. Relative mRNA expression of integrin α2 (A), α3 (B), α5 (C), α6 (D), αv (E), and β1 (F) in ELA, EATC-
WT, and EATC-MDR cells, determined by qPCR, using specific primer pairs for each integrin subunit and cyclophilin A as reference gene. Data was normalized against cyclophilin A and corresponding ELA sample. Statistical analysis was performed using one-way ANOVA with Tukey-Kramer multiple comparisons post test, where *, **, and **** indicate P<0.05, P<0.01, and P<0.0001, respectively. The number (n) of indepen-dent experiments was 4-5. 
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integrin β1, than the two non-adherent cell lines EATC-WT and EATC-MDR. Similarly, there was a higher level of integrin αv mRNA in the adherent ELA cells (Fig. 2E), which was 1.5- and 1.8-fold higher than EATC-WT and EATC-MDR, respectively. These data indicate that the 
adherent ELA cells have higher mRNA levels of the fibronectin receptor subunits, integrins 
α5, αv, and β1, compared to the non-adherent EATC-WT and EATC-MDR cells. Neither the mRNA expression of collagen receptor integrin subunit α2 nor of the two laminin receptor subunits integrins α3 and α6 were found to vary between any of the three Ehrlich cell lines (Fig. 2A, 2B, and 2D).
Next, we examined the protein level of the fibronectin receptor subunits, integrin α5, integrin αv, and integrin β1, to see whether the differences observed on mRNA levels were correlated with the relative protein expression. Whole cell lysates of ELA, EATC-WT, and 
EATC-MDR cells were analyzed by western blot analysis, using specific primary antibodies for integrins α5, αv, and β1. In support of our qPCR findings, the integrin α5 protein level was found to be 2.5-fold higher in ELA cells relative to both EATC-WT and EATC-MDR (Fig. 3A). The integrin αv protein level was 1.3- and 1.8-fold higher in ELA cells than EATC-WT and EATC-MDR (Fig. 3B), respectively, which also correlated with the relative mRNA expression.Two bands were detected in the western blot analysis for integrin β1 (Fig. 3C), presumably corresponding to the 130 kDa fully glycosylated mature form present on the cell surface, and the 115 kDa partially glycosylated integrin β1 precursor [52]. Interestingly, western blot analysis revealed similar protein levels of the mature 130 kDa integrin β1 isoform in all three cell lines, while the adherent ELA cells had a 3-fold higher expression of the immature 115 kDa integrin β1 precursor compared to EATC-WT and EATC-MDR (Fig. 3C). Whether this difference represents higher turnover of integrin β1 in ELA cells compared 
to the two suspension cell lines and/or merely reflects the higher expression observed with qPCR is unknown, and was not investigated further.
These western blot data support our qPCR findings with a significantly higher expression 
of the fibronectin receptor subunits integrins α5, αv, and β1 in ELA cells relative to the two non-adherent cell lines EATC-WT and EATC-MDR.
Fig. 3. Integrin α5, αv, and β1 protein levels in ELA, EATC-WT, and EATC-MDR cells. Western blot analysis of whole cell protein lysates of ELA, EATC-WT, and EATC-MDR cells. Protein expression of integrin α5 (A), αv (B), and β1 (C) was determined using specific antibodies against integrin α5, αv, and β1, respectively. Hsc70 or 
β-actin was used as loading controls. Data is shown as mean with SEM error bars relative to the expression in ELA cells. Statistical analysis was performed using one-way ANOVA with Tukey-Kramer multiple com-parisons post test, where *, **, ***, and **** indicate P<0.05, P<0.01, P<0.001, and P<0.0001, respectively. The number (n) of independent experiments was 3-6. 
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Knockdown of integrin β1 reduces volume recovery in ELA cells, but does not affect taurine 
effluxAs mentioned in the introduction, the mechanism of Ehrlich cell volume sensing is still unknown. We therefore investigated the role of integrin β1 in hypotonic cell swelling and RVD in ELA and EATC-WT cells. ELA and EATC-WT cells were transiently transfected with 5 nM negative control (mock) or integrin β1 siRNA for 24-48 h. Knockdown efficiency was determined with western blot analysis, and integrin β1 protein level was reduced by 70-90% (Fig. 4A and 5A). Changes in cell volume in mock- and integrin β1-siRNA transfected 
ELA cells were followed as changes in fluorescence intensity mediated by calcein-dilution/up-concentration over time (Fig. 4B and 4C). Mock-transfected and integrin β1 knockdown ELA cells swelled to the same extent when exposed to a hypotonic environment (Fig. 4B-
D). However, the maximum recovery rate is significantly reduced in integrin β1 knockdown 
cells compared to mock-transfected cells, i.e., the volume recovery is 0.046±0.004 FI/min in 
mock-transfected ELA cells and 0.029±0.006 FI/min in integrin β1-siRNA transfected ELA 
Fig. 4. Effect of siRNA-mediated knockdown of integrin β1  on cell swelling and RVD in ELA cells. Changes in 
cell volume, RVD, and taurine efflux upon hypotonic exposure in ELA cells transfected with 5 nM mock- or integrin β1-siRNA for 24-48 h. A. Efficiency of siRNA knockdown (48 h) was determined with western blot 
analysis, using a specific anti-integrin β1 antibody. β-actin was used as loading control. B and C. Changes in relative cell volume over time upon hypotonic exposure. Data is represented as the mean reciprocal and 
relative fluorescence intensity (FI) ± SEM measured by calcein fluorescence self-quenching in mock-trans-fected (B) and integrin β1-siRNA transfected ELA cells (arrow indicates shift to hypotonicity). D. Maximum cell swelling determined after shift to hypotonic environment. E. Maximum recovery rate was given as the 
maximal 1 minute numeric slope ([fl]/min) after reaching maximal cell swelling. F. Fractional rate constant (min-1) for taurine release was determined from release of 3H-labelled taurine and plotted versus time un-der isotonic and hypotonic conditions (arrow indicate shift to hypotonicity) in mock-transfected (white) and integrin β1-siRNA transfected (black) ELA cells. The number of independent experiments was 6 (panel A to E) and 4-6 (panel F). Statistical analysis was performed with paired Student’s t-test, where * indicate P<0.05. 
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cells (Fig. 4E). This indicates that integrin β1 contributes to RVD. Cell swelling and RVD were in EATC-WT followed by electric cell sizing using a coulter counter (Fig. 5B). Knockdown of integrin β1 in EATC-WT had no effect on cell swelling and RVD (Mock, 0.34±0.05 fl/min; Integrin β1, 0.35±0.06 fl/min) (Fig. 5B and 5C). These results indicate that integrin β1 plays an important role in RVD in adherent ELA cells, whereas it has no effect on RVD in non-adherent EATC-WT. Pharmacological evidence has indicated that release of the organic osmolyte taurine, which is known to contribute to RVD, is regulated by RTKs, FAK, RhoA, and members of the Src family, which are all kinases known to be regulated by integrin clustering and activation [53-56]. We therefore investigated the effect of integrin β1 knockdown on swelling-induced 
taurine efflux via the volume sensitive organic anion channel (VSOAC). Figure 4F shows 
Fig. 5. Effect of siRNA-mediated knockdown of integrin β1 on cell swelling and RVD in EATC-WT. Changes in cell volume and RVD upon hypotonic exposure in EATC-WT transfected with 5 nM mock- or integrin 
β1-siRNA for 48 h. A. Knockdown efficiency determined in one of the experiments. B. Changes in relative 
cell volume (fl) ± SEM over time upon hypotonic exposure measured by electric cell sizing in mock- (open symbols) and integrin β1-siRNA transfected (black symbols) EATC-WT cells. C. Maximum recovery rate was 
given as the maximal 1 minute numeric slope (fl/min) after reaching maximal cell swelling. The number (n) of independent experiments per condition was 3.
Fig. 6. Effect of cisplatin, gemcitabine, and FAK inhibitor PF-573,228 on caspase activity in ELA, EATC-WT, and EATC-MDR cells. ELA, EATC-WT, and EATC-MDR cells were treated with 5 μM cisplatin or 5 μg/ml gemcitabine for 24 h in the absence (A) 
or presence of 10 μM PF-573,228 (PF)(B), and the cells were subsequently assayed for caspase activity 
with a fluorimetric caspases assay. Data is shown as mean with SEM error bars, where ** and *** indicate P<0.01 and P<0.001, respectively, obtained by two-way ANOVA with Bonferroni multiple comparisons post test. The number (n) of independent experi-ments per condition was 5-8. 
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the fractional rate constant versus time for mock- and integrin β1-transfected ELA cells. Integrin β1-siRNA transfected ELA cells had a maximum taurine efflux of 0.063±0.004 min-1 compared to 0.061±0.007 min-1 in mock-transfected cells, indicating that integrin β1 is not involved in the activation of VSOAC in ELA cells. Taken together these data suggest that integrin β1 contributes significantly to RVD in adherent ELA cells in a way independent of VSOAC, whereas integrin β1 has no effect on cell swelling and RVD in the non-adherent EATC-WT cells.
Non-adherent EATC-WT cells are significantly more sensitive to drug-induced apoptosis 
than the resistant EATC-MDR and the adherent ELA cellsPreviously, ELA and EATC-MDR cells have both been shown to be resistant to cisplatin-induced apoptosis, while EATC-WT readily undergoes apoptosis after exposure to cisplatin [47, 48]. To further elucidate the mechanisms underlying resistance, the sensitivities of the three cell lines to the chemotherapeutic drugs cisplatin and gemcitabine were compared. EATC-WT, EATC-MDR, and ELA cells were treated with 5 μM cisplatin or 5 μg/ml gemcitabine for 24 h, followed by measurement of the caspase activity.
Both cisplatin and gemcitabine induced significantly higher caspase activation in EATC-WT cells compared to ELA and EATC-MDR cells; cisplatin induced a 10-fold increase in caspase activity in EATC-WT, and only a 4.5-fold increase in EATC-MDR and a 2-fold increase in ELA-cells (Fig. 6), and similarly, treatment with gemcitabine induced a 5-fold increase in caspase activity in EATC-WT cells, a 2.6-fold increase in EATC-MDR cells, and a 2-fold increase in ELA cells (Fig. 6). The role of FAK in caspase activation was investigated as well, by the use of the FAK inhibitor PF-573,228 (PF). Caspase activity in EATC-MDR and ELA cells was not affected by PF treatment, whereas a 1.7 fold increase was observed in EATC-WT (Fig. 6B). However, exposure of the cells to a combination of cisplatin and PF led to a further increase in caspase activity in EATC-WT and EATC-MDR cells, which was approximately 15-fold and 6-fold, respectively, relative to the untreated control (Fig. 6B). The caspase activity in ELA cells remained unchanged by the combination treatment (Fig. 6B). Simultaneous treatment with gemcitabine and PF also led to a further increase in caspase activity for EATC-WT cells (6.5-fold relative to control), while caspase activity in EATC-MDR and ELA cells remained unchanged relative to treatment with gemcitabine alone (Fig. 6B). 
Together, these results indicate that the non-adherent EATC-WT cells are significantly more sensitive to both cisplatin- and gemcitabine-induced apoptosis, and that the adherent wild-type ELA cells appear to be the most resistant. In addition, the FAK inhibitor PF did not affect resistance in the adherent ELA cells, indicating that FAK is not important in either cisplatin or gemcitabine resistance in ELA cells.
Knockdown of integrin β1 increases the sensitivity of the adherent ELA cells to cisplatin-
induced apoptosisWe investigated the role of integrin β1 knockdown on cisplatin- and gemcitabine-induced apoptosis. EATC-WT, EATC-MDR, and ELA cells were transiently transfected with 5 nM integrin β1 or negative control (mock) siRNA for 24 h. Subsequently, cells were treated with 5 μM cisplatin or 5 μg/ml gemcitabine for 24 h. Caspase activity was measured with a 
fluorimetric caspases assay, and knockdown efficiency was determined with western blot analysis. The protein levels of mature integrin β1 in EATC-WT, EATC-MDR, and ELA cells were reduced by about 70%, 80%, and 90%, respectively, compared to mock-transfected cells at 72 h after transfection (Fig. 7A). siRNA transfection did not affect the expression of β-actin in any of the cell lines.In ELA cells, knockdown of integrin β1 led to a small increase in caspase activity relative to mock-transfected cells (Fig. 7B). Treatment with cisplatin further increased the caspase activity in both mock-transfected and integrin β1-knockdown ELA cells relative to the untreated cells (Fig. 7B). The relative difference in caspase activity between mock-
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transfected and integrin β1 knockdown ELA cells (Δcaspase activity) was 4.5-fold higher (P 0.056) in cells receiving cisplatin treatment compared to untreated cells (Fig. 7C). This is taken to indicate that ELA cells become sensitive to cisplatin treatment following integrin β1 knockdown. A similar pattern was observed in ELA cells receiving gemcitabine treatment; caspase activation was increased in both mock-transfected and integrin β1 knockdown cells relative to the untreated cells (Fig. 7B). However, Δcaspase activity in integrin β1-knockdown ELA cells was unaffected by gemcitabine treatment (Fig. 7C), indicating that integrin β1 has no effect on gemcitabine sensitivity in ELA cells.In EATC-WT and EATC-MDR cells, treatment with either cisplatin or gemcitabine increased caspase activity equally in mock-transfected and integrin β1 knockdown cells (Fig. 7B), suggesting that knockdown of integrin β1 does not affect the sensitivity of the non-adherent cells. From a general point of view, one might suggest that swelling-induced signaling via integrin b1/FAK/Src/EGFR leads to cell proliferation as shrinkage-induced signalling leads to caspase activation and apoptosis. To test whether integrin b1 knockdown also affects proliferation in general we determined cell viability in ELA cells transiently transfected with integrin b1 siRNA. We find that integrin b1 knock down does not significantly reduce viability 
(proliferation) in ELA cells (mock transfected cells: 0.70 ± 0.10; integrin b1 siRNA transfected 
Fig. 7. Effect of siRNA-mediated knockdown of β1 integrin on chemosensitivity towards cisplatin and gem-citabine in ELA, EATC-WT, and EATC-MDR cells. ELA, EATC-WT, and EATC-MDR cells were transiently trans-fected with 5 nM mock- or integrin β1-siRNA for 24 h. A. Efficiency of siRNA knockdown was determined 
with western blot analysis, using a specific anti-integrin β1 antibody. β-actin was used as a loading control. B. After transfection, cells were treated with 5 μM cisplatin or 5 μg/ml gemcitabine for 24 h, and cells were 
subsequently assayed for caspase activity with a fluorimetric caspases assay. Data is shown as mean with SEM error bars normalized to the mock-transfected control. The number (n) of independent experiments was 3-6. Statistical analysis was performed with paired Student’s t-test, where *, **, and ** indicate P<0.05, P<0.01, and P<0.001, respectively. C. The difference in caspase activity (Δcaspase activity) between mock- and β1 integrin siRNA-transfected ELA cells. 
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cells: 0.57 ± 0.04, 3 sets of paired experiments). Thus, integrin b1 knockdown only seems to lead to an increased sensitivity towards chemotherapeutics.  
Discussion
Previous studies have identified a linkage between an altered integrin expression, tumor cell progression, metastasis, and chemoresistance [1, 5, 57]. 
In this study, we find that the three Ehrlich cell lines express equal and relatively high levels of α6β1 and α3β1, whereas integrin α5, αv, and β1 were found to be higher in adherent ELA cells compared to the two suspension cell lines. Integrin α2 expression was low in all three cell lines. The integrin-heterodimers expressed by epithelial cells are often retained by tumor cells derived from these [1]. Widely expressed integrin heterodimers found in epithelial cells include α6β4, α6β1, and α3β1. These integrins mediate the attachment to the basal lamina, but might also contribute to proliferation, migration, and survival of the tumor cells [1]. In this study of the Ehrlich cell lines, which originate from mammary gland adenocarcinomas [49, 50], we show that all three cell lines have a relatively high and equal expression of the laminin receptors α6β1 and α3β1, in line with their epithelial origin. Other integrins are up-regulated in tumor cells compared to the non-transformed parental cell.  Especially, the mesenchymal integrins, αvβ3, αvβ6, and α5β1, are often only expressed at low or even undetectable levels in adult epithelial tissue, but can be highly over-expressed in tumor cells [1]. The process of trans-differentiation of epithelial cells into cells with mesenchymal appearance and properties (epithelial-to-mesenchymal transition; EMT) is a normal process during fetal development, but can also be associated with pathogenesis, such as cancer progression and drug-resistance, as observed in the ELA 
cells [58]. Various secreted ligands are reported to induce EMT, including GFs (e.g., fibroblast growth factor, transforming growth factor β, and EGF), Wnt, and Hedgehog [58]. RTK trans-activation through GF stimulation results in down-stream activation of Rho GTPases, MAPK pathways, and the PI3K-Akt-mammalian target of rapamycin (mTOR) pathway, which are signaling cascades also known to be important for volume regulation, evasion of anoikis 
Fig. 8. Relation and prop-erties of the Ehrlich cell lines. The Ehrlich cells 
were first described in 1905 by P. Ehrlich, as transplantable tumors arising as spontaneous mammary gland ad-enocarcinomas in female mice. These cells were in 1930s transformed into anoikis-resistant suspen-sion cells able to grow in the abdomen of mice and are today known as wild-type Ehrlich ascites tumor (EATC-WT) cells. In the 
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1960s, Hans Lettré grew an adherent version of the Ehrlich cells, today known as Ehrlich Lettré ascites (ELA) tumor cells, and these cells are grown in monolayer. The ELA cells are in addition found to be highly resistant to the chemotherapeutic drug, cisplatin, to which EATC-WT cells are sensitive. Keld Danø devel-oped a special multidrug resistant variant of EATC-WT cells (EATC-MDR) by treating the wild-type cells with the chemotherapeutic drug Daunorubicin over several passages [51].  
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during cancer progression and metastatic spread, as well as development of drug resistance [58-60]. Petras and colleagues have recently documented a direct correlation between increased ErbB1 expression and a corresponding increase in integrin β1 expression, as well as Akt-mediated radio-resistance in astrocytomas [61]. In the adherent ELA cells, which are derived from the non-adherent EATC-WT cells (see properties in Fig. 8), integrin α5, αv, and 
β1 were found to be over-expressed compared to the two suspension cell lines. Especially, integrin α5 was highly expressed in ELA cells. Increased expressions of integrin α5β1 and 
αvβ1 have in clinical studies been associated with a decreased survival rate of patients with acute myeloid leukemia, melanomas, and non-small cell lung cancer [62-65]. In addition to the GF-regulated increase in integrin expression, integrins are also reported to potentiate GF signaling through intercalation of signaling pathways and direct GF cross-talk [66-68]. The data indicate that the ELA cells might be a more aggressive cancer cell line than EATC-WT and EATC-MDR and that the EMT transition at some time point might have played an important role in the development of the ELA cell line from EATC (Fig. 8).In contrast to α5β1 and αvβ1, the collagen-binding integrin α2β1 is often highly expressed in normal breast ducts and ductules, but can be markedly reduced or undetectable in poorly differentiated breast adenocarcinomas and other epithelial malignancies [69, 70]. Re-expression of integrin α2β1 in breast carcinoma cells with no detectable α2β1 expression was moreover found to abrogate the malignant phenotype and re-establish cell differentiation 
into mammary gland-like structures [71]. In our study, we find that all three Ehrlich cell lines exhibit a low expression of integrin α2β1, which could possibly reflect the down-regulation associated with tumorigenesis that has been observed in the mentioned studies. 
Increased expression of integrin β1 contributes to RVD in adherent cells
Our findings illustrate that integrin β1 regulates RVD in adherent ELA cells but not in the closely related suspension cell line EATC-WT. Integrins have several properties that could identify them as potential volume sensors. As integrins are situated in the plasma membrane and directly links the extracellular matrix to the intracellular milieu (e.g., actin 
cytoskeleton and intracellular signaling pathways), integrins might be directly subjected to structural changes caused by volume perturbations. Integrin β1 has already been identified as being the “volume-sensor” and activator of VRAC through EGF receptor trans-activation and down-stream GF-related signaling (e.g., PI3K, Akt, and MAPK) in rat hepatocytes and rabbit ventricular myocytes, respectively [14, 24]. Knockdown of integrin β1 in adherent ELA cells was found to reduce volume recovery with approximately 40%, thus indicating that integrin β1 is not the “volume sensor” per see  but might contribute to a larger volume sensory network, comprising other integrin heterodimers, e.g., integrin αvβ3 or αvβ6, as well as other volume-sensory biomolecules, such as GF receptors. Other observations supporting that integrins are not the volume sensor is the fact that volume-sensing was maintained after integrin knock-down in suspension Ehrlich cells.Several studies have suggested that cross-communication between channels and 
integrins exist, and that fibronectin binding promotes activation of various channels, including Ca2+-dependent K+ channels, inwardly rectifying K+ channels, G-protein gated inwardly rectifying channels (GIRK), the Na+/K+ ATPase, voltage gated Ca2+ channels (VCaC), the epithelial sodium channel (ENaC), and the human ether-à-go-go-related gene 1 (hERG) K+ channel currents [72-79]. Regarding channels important for volume regulation, the voltage-gated K+ channel KV1.3 [17-19] and KV11.1 [20] have, as described in the introduction, been found to be physically and functionally linked to β1 integrins. RVD in Ehrlich cell lines does not rely on voltage-gated K+ channels [80, 81]; instead, VRAC, TASK2, potassium-chloride-co-transporter (KCC) 1 and 3, and VSOAC are known to be important [9]. A direct physiological link between integrins and the volume regulated channels found in Ehrlich cells is lacking, but in cardiac ventricular myocytes VRAC has been found to be regulated by integrin β1 stretch [21-24]. Important components of VRAC and 
VSOAC, which are by some authors suggested to be identical, have recently been identified as being members of the Leucine-rich repeat containing 8 (LRRC8) family [82, 83]. Especially, 
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LRRC8A is found to be important, as siRNA-mediated knockdown abolished the swelling-induced Cl- currents, RVD, and taurine efflux. LRRC8 consists of four transmembrane segments followed by a C-terminal leucine-rich-repeat domain and is proposed to form hetero-hexameric channels like described for pannexins [84]. Our results indicate that activation of VSOAC occurs independently of integrin β1 in ELA cells. This is somewhat unexpected but supports our previous assumptions that VRAC and VSOAC might not be completely identical, i.e., they differ in activation/inactivation time-frame, effect of cholesterol depletion, and 
pharmacological profile as well as their dependence on integrin β1 [24, 85-89], or at least that the selective channel-pore might be differently regulated. It could be suggested that the observed differences between Cl- and taurine transport might be a result of variations between the subunit stoichiometry of two or more independent LRRC8-based channels and their different upstream regulators. Alternative volume sensitive pathways not involving integrins are mentioned in Introduction and further discussed in [9, 13].
The adherent ELA cells are highly resistant to chemotherapyThe chemotherapeutic drugs cisplatin and gemcitabine induced caspase activity in all three cell lines. Cisplatin appeared to have a stronger cytotoxic effect on these tumor cells compared to gemcitabine. The effect of both drugs was most pronounced in the non-adherent EATC-WT cells and least pronounced in the adherent ELA cells, indicating that EATC-MDR and ELA cells possess extrinsic and intrinsic resistance against these chemotherapeutics, respectively. In support of these results, Poulsen et al. showed that EATC-MDR cells were resistant to cisplatin-induced apoptosis, as demonstrated by an increased cell viability and decreased caspase 3 activity compared to EATC-WT [48]. ELA was the most resistant cell type, supporting the hypothesis that adhesion might be an important factor in drug resistance, perhaps as a result of a different integrin composition and integrin-mediated survival signals in these cells (e.g., the MAPK and PI3K/Akt/mTOR pathways). Tastesen et al. also observed a higher resistance in ELA cells compared to EATC-WT cells, and found that cisplatin induced caspase 3 activity in EATC-WT but not in ELA cells [47]. Our results also 
confirm the multidrug resistant nature of EATC-MDR cells, as they exhibited cross-resistance to cisplatin and gemcitabine, which are structurally unrelated and might possess different cytostatic actions compared with daunorubicin, which was used to select drug resistance in these cells. Treatment with the FAK inhibitor PF potentiated the cytotoxic effect of cisplatin in EATC-WT and EATC-MDR cells as well as gemcitabine in EATC-WT. This suggests that survival signaling in the suspension cells may be partly regulated by FAK, and that disruption of signaling from for example cell-cell contacts [90] might induce apoptosis. Since drug-induced caspase activation in ELA cells was unaffected by the FAK inhibitor, chemoresistance in these cells might not only be regulated by adhesion, as FAK then would be the most obvious signaling mediator [91, 92]. Tastesen et al. suggested three putative mechanisms for the cisplatin resistance of ELA cells, namely lower nuclear accumulation and DNA-binding of cisplatin; increased activity of the taurine transporter, leading to intracellular accumulation of the cytoprotective osmolyte taurine; and decreased anion and water loss, which is a crucial part of apoptotic volume decrease (AVD) [47]. More recently it was demonstrated that acquired cisplatin resistance in human ovarian A2780 cancer cells correlated with an increased taurine accumulation due to increased activity of the taurine accumulating transporter TauT and a concomitant reduction in the volume sensitive taurine release pathway [93].
Knockdown of integrin β1 reduces cisplatin resistance in adherent cellsCompared to mock-transfected cells, knockdown of integrin β1 increased the caspase activity in untreated ELA cells. Furthermore, cisplatin-induced caspase activity was increased by knockdown of integrin β1, indicating that knockdown of integrin β1 enhances the cytotoxic effect of cisplatin and thus increases the chemosensitivity of ELA cells to cisplatin. Integrin 
β1 knockdown did not affect cell viability (proliferation) significantly in ELA cells. We did 
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not elucidate the exact mechanism for integrin β1-mediated chemoresistance in ELA cells; however, it has been shown that integrin β1 silencing sensitizes non-small cell lung cancer cells to cisplatin treatment due to a defective activation of the EGFR signaling cascade [94]. Another mechanism mediating cisplatin resistance in ELA cells could involve integrin β1-mediated up-regulation of the multidrug resistance-associated protein-1 (MRP-1), as binding of collagen to integrin β1 has been found to up-regulate expression and activity of MRP-1 in leukemic T-cells [95], and expression of MRP-1 has been correlated to cisplatin resistance of lung cancer cells [96]. Knockdown of integrin β1 did not affect the sensitivity of ELA cells to gemcitabine, pointing to other resistance mechanisms for this drug. As the exact cellular action of cisplatin and gemcitabine are still incompletely understood it is not possible to give a mechanistic explanation for the difference.
In conclusion, our studies illustrate that the adherent ELA cell line has strong fibronectin binding capacities and a higher expression of the mesenchymal integrin subunits α5, αv, and 
β1 compared to the two closely related suspension cell lines (EATC-WT and EATC-MDR), indicating that ELA cells have undergone EMT during development. We also demonstrate that the increased expression of integrin β1 observed in ELA cells directly improves osmosensing and cisplatin resistance partially by activation of FAK. In contrast, integrin β1 has no effect on osmosensing and drug resistance in the suspension adapted cell lines EATC-WT or EATC-MDR. Our results hereby indicate a general integrin-dependent mechanism for osmosensing and development of chemoresistance.
AbbreviationsAVD (Apoptotic volume decrease); BSA (Bovine serum albumin); EATC (Ehrlich ascites tumor cells); ECM (Extracellular matrix); EDTA (Ethylenediaminetetraacetic acid); EGFR (Epidermal growth factor receptor); ELA (Ehrlich lettré ascites tumor cells); EMT (Epithelial-to-mesenchymal transition); ENaC (Epithelial sodium channel); ERK1/2 (Extracellular signal-regulated kinase 1 and 2); FAK (Focal adhesion kinase); FGF (Fibroblast growth factor); FRET (Fluorescence resonance energy transfer); GIRK (G-protein gated inwardly rectifying channel); GRGDS (Gly-Arg-Gly-Asp-Ser); GF (Growth factor); hERG (Human ether-à-go-go-related gene); HOG1 (High osmolarity glycerol 1); HRP (Horseradish peroxidase); KCC (Potassium-chloride-co-transporter); LRRC8 (Leucine rich repeat containing 8); MAPK (Mitogen activated protein kinase); MDR (Multidrug resistance); MRP-1 (Multidrug resistance-associated protein-1); mTOR (Mammalian target of rapamycin); PBS (Phosphate buffered saline); PF (PF-573,228); PI3K (Phosphatidylinositol 3-kinase); PI5K (Phosphatidylinositol 5-kinase); PLA2 (Phospholipase A2); PLC (Phospholipase C); RGD (Arg-Gly-Asp); ROS (Reactive oxygen species); RTK (Receptor Tyrosine Kinase); RVD (Regulatory volume decrease); RVI (Regulatory volume increase); TASK2 (TWIK-related acid-sensitive K+ channel 2); TGFβ (Transforming growth factor β); TRP (Transient receptor potential); VCaC (Voltage gated Ca2+ channel); VRAC (Volume regulated anion channel); VSOAC (Volume sensitive organic anion channel); WT (Wild type).
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